Abstract 2-Methylchromones, although scarce in nature, constitute a group of oxygen heterocyclic compounds which have shown significant biological activities. Their transformations into other biologically active compounds have been exploited. This review describes the work on the synthesis and reactions of 2-methylchromones as well as their biological evaluation.
Introduction
Chromones and their derivatives are well known naturally occurring oxygen-containing heterocyclic compounds which perform important biological functions in nature. It is known that certain natural and synthetic chromone derivatives possess important biological activities, such as antitumor, 1 antihepatotoxic, antioxidant, 2 anti-inflammatory, 3 antispasmolytic, estrogenic 4 and antibacterial activities. 5 These applications have stimulated a continuous search for the synthesis of new compounds in this field and led already to the appearance of some drugs on the market. 6 2-Methylchromones are one of the scarcest classes of natural chromones. Although 2-methylchromones constitute a small family of naturally occurring compounds, their synthesis should be extensively studied. To our knowledge, there is not any review summarizing the literature on the synthesis and chemistry of 2-methyl-chromones. This review aims, therefore, to cover the work on the synthesis and reactions of 2-methylchromones as well as their biological evaluation. 
From phenols
The Simonies reaction involved the reaction of phenols 1 with -ketoester in the presence of diphenyl ether or concentrated H2SO4 to form 2-methylchromones 2 by losing ethanol and water molecules (Scheme 1). 7 
Scheme 2
Dimethylpenta-2,3-dienedioate reacted with methyl salicylate 5 to give the chromone 6 which underwent hydrolysis with acetic acid containing a trace of sulfuric acid, followed by decarboxylation to give 2-methylchromone 2 in 84% yield (Scheme 3). O-Acetylsalicylic acid tert-butyldimethylsilyl esters 7 underwent condensation with (trimethylsilyl)methylenetriphenylphosphorane followed by an intramolecular Wittig olefination to give substituted 2-methylchromones 2 (Scheme 4). 
Scheme 5
Paolo and Antonio described the synthesis of 2-methyl-3-(1-methyl)-1H-imidazol-4H-chromones 2 starting from 2-acetoxybenzoyl chlorides 9 and 1,2-dimethylimidazole 10 (Scheme 6). The direct condensation of salicyloyl chloride 11 with enamine 12 gave quantitative yield of morpholine derivative 13, which was converted to 3-carboxy/carboethoxy-2-methylchromone 2 under acid hydrolysis (Scheme 7). 18 
Scheme 9
The ring closure of -substituted-2-hydroxyacetophenones 20 was performed by acetic anhydride in the presence of a trace amount concentrated sulfuric acid or pyridine or triethylamine to give 2-methylchromones 2 (Scheme 10). 
Scheme 15
Oxidation of 2,2-dimethylchromanone 28 with thallium-p-tosylate followed by 2,3-alkyl migration gave 2-methychromone 2 (R=CH3) in high yields (Scheme 16). 2.7.3 From 3-acetylchromone. 1,3-Dipolar cycloaddition of diazomethane to 3-acetylchromone 30 as an activated olefin furnished 2-methylchromone 2 (R=COCH3). 67 Also, its reaction with malonic acid in the presence of 2-methylimidazole afforded 3-(2-methylchromon-3-yl)acrylic acid 2 (R= CH=CH-COOH) (Scheme 18). 
5,7-Dihydroxy-2-methylchromone 2C and 5-hydroxy-7-methoxy-2-methyl-chromone 2D were isolated from the bulbs of P. maritimum. 75 Also, 2E was isolated from the cultures of spore derived mycobionts of lichen Graphis scripta.
5-Carboxymethyl-7-hydroxy-2-methylchromone (2F) was isolated from the antibiotic and anti-inflammatory active site of Polygonum cuspidatum sieb 77 
Reactivity of 2-Methylchromones
The reactivity of methyl group at position 2 of chromone moiety has special character due to the low electron density at C-2 which is caused by oxygen atom and ,-unsaturated ketone system. 
Scheme 22
On the other hand, oxidation of 2 (R=H) with selenium dioxide give chromone-2-carboxylic acid 35, but 2,3-dimethylchromone on oxidation with SeO2 gave a mixture of 3-methylchromone-2-carboxaldehyde 36 and 3-methylchromone-2-carboxylic acid 37 (Scheme 23). 
Scheme 28
Photolysis of 2-methylchromone 2 (R=OMe) in methanol afforded chromanone 2 (R=H) through extrusion of a methoxy function, the reaction proceed through a conjugate addition of Reaction of 2-methylchromone 2 (R=H) with phenyl magnesium bromide gave after treatment with water 2-methyl-4-phenylchromen-4-ol 49 (Scheme 31). 
Scheme 33
Aldol condensation of 2-methylchromone 2 (R=COCH3) with 3-formyl-chromone 29 gave the condensed product 54 via the condensation of the formyl group with the active methyl group at position 2 due to the methyl group more active than acetyl group in position 3 (Scheme 34). 
Scheme 34
On the other hand, 6-cinnamoyl-2,3-dimethylchromones 55 were obtained from the condensation of 2-methylchromones 2 (R=CH3) with appropriate aldehydes in dry benzene in the presence of piperidine (Scheme 35).
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Scheme 35
Also, the reactivity of the two methyl groups in compound 2 towards aromatic aldehydes was tested, reaction of equimolar ratio of 2 (R=H) with benzaldehyde in the presence of piperidine as a basic catalyst led to the formation of the corresponding 6-cinnamoyl derivative 56 not the 2-styryl derivative 57. With two moles of benzaldehyde in ethanolic sodium ethoxide solution compound 2 gave the 2-styryl-6-cinnamoylchromone derivative 58 (Scheme 36). 
Scheme 36
Condensation of 2-methylchromone 2 (R=H) with phthalic anhydride 59 in the presence of zinc chloride gave phthalide 60 which was rearranged by sodium methoxide to 1,3-indandione derivative 61 (Scheme 37). (1 equiv.) and tetrahydrofuran at - 
2, R=H 67
Scheme 41 3.7.6 Reaction with 3-acetyl-2-methylthiochromone. Treatment of 2-methylchromone 2 (R=COCH3) with 3-acetyl-2-methylthiochromone 68 in sodium methoxide gave 69A that exists exclusively in the tautomeric form 69B due to its formation strong hydrogen bond (Scheme 42). 
Scheme 43
Base catalyzed Michael addition of 2-methylchromone 2 (R=CN) to the ,-unsaturated ketone function of a second molecule gave the dimeric product 71 (Scheme 44). 
Scheme 44
Also, base catalyzed self condensation of 2-methylchromones 2 (R=CHO, COCH3) gave 2-salicyloyl-3-methylxanthone 72 (R=H, CH3) (Scheme 45 
Biological significance of 2-methylchromones
The significant antipyretic activity of 2-methychromones has been recognized fifteen years ago. They have the same antipyretic effect as paracetamol and analgesic effect as Novalgin. 195 Also, 2-methylchromones 128 and 129 play vital role in the replication cycle of AIDS virus and thus act as HIV-1 protease inhibitors. Also, khellins 130 is the principal constituent of Ammi visnaga L. It is 2-methylchromone with a linearly fused furan ring system and has been found to be a potent coronary vasodilator in bronchial action on bronchial muscle, gall bladder and bileduct. Additionally, it has been used as showed antispasmodic. Some of 2-methylchromones displayed inhibitory activity similar to that of Sorbinil but are more selective than Quercetin and Sorbinil with respect to the closely related enzyme, aldehyde reductase, and also possess antioxidant activity. 203 
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